Background: Over the last 15 years, bacterial meningitis has received considerable attention, including national guidelines, whilst viral central nervous system (CNS) infections have been relatively neglected. A recent pilot study suggested that management of patients with suspected viral encephalitis was often suboptimal. Aim: To examine the relative incidence, clinical features and management of suspected acute CNS infections in adults across the NHS North West Region. Design: A multicentre cross-sectional retrospective cohort study at 10 hospitals across the region over 3 months (from September to December 2007). Following a screen of all patients who had cerebrospinal fluid (CSF) analysis or received intravenous aciclovir and/or third-generation cephalosporin, those with clinical features suspicious of a CNS infection were included. Management was compared with the national meningitis and regional encephalitis guidelines.
Summary
Background: Over the last 15 years, bacterial meningitis has received considerable attention, including national guidelines, whilst viral central nervous system (CNS) infections have been relatively neglected. A recent pilot study suggested that management of patients with suspected viral encephalitis was often suboptimal. Aim: To examine the relative incidence, clinical features and management of suspected acute CNS infections in adults across the NHS North West Region. Design: A multicentre cross-sectional retrospective cohort study at 10 hospitals across the region over 3 months (from September to December 2007). Following a screen of all patients who had cerebrospinal fluid (CSF) analysis or received intravenous aciclovir and/or third-generation cephalosporin, those with clinical features suspicious of a CNS infection were included. Management was compared with the national meningitis and regional encephalitis guidelines.
Results: Three hundred and eighty-five patients were screened; 217 patients had a suspected CNS infection and 44 (20%) had a CNS infection: 18 aseptic meningitis (one herpes simplex virus [HSV]-2), 13 purulent meningitis (four Streptococcus pneumoniae) and 13 encephalitis (three HSV-1). The median (range) time from admission to suspicion of CNS infection and to LP was longer for patients with encephalitis than meningitis [4 (0.3-312) vs. 0.3 (0.1-12) h, P < 0.001, and 23 (4-360) vs. 12 (2-48) h, P = 0.042, respectively]; and the median time to treatment was longer for aciclovir than cephalosporin [7 (0.5-312) vs. 3 (0.3-312) h, P = 0.002]. Discussion: Encephalitis was as common as purulent meningitis, and HSV as common as Streptococcus pneumoniae. However, the management of patients with encephalitis was worse than meningitis. National encephalitis guidelines are needed.
Introduction
Central nervous system (CNS) infections are a neurological emergency requiring urgent investigation and treatment. 1, 2 Among the most common CNS infections are meningitis, in which the brain meninges are primarily affected, and encephalitis, when the brain parenchyma is primarily involved; however, the distinction between meningitis and encephalitis is not always clear clinically, as many of the symptoms and signs overlap, and the term meningoencephalitis is often used. 1, 3 In the UK, as in other developed countries, Streptococcus pneumoniae is the most common cause of bacterial meningitis in adults, whilst herpes simplex virus (HSV) is the most common cause of viral encephalitis. However, the number of patients with suspected and clinically diagnosed CNS infection is much greater than that of proven aetiology. 4, 5 Over the last 15 years, the management of acute bacterial meningitis in adults has received considerable attention in the UK with detailed epidemiological studies, vaccination programmes and the introduction of National Guidelines. [6] [7] [8] In comparison, CNS infections caused by viruses have been relatively neglected. A recent pilot study from a teaching and secondary care hospital in our region suggested that the management of patients with suspected viral encephalitis may often be suboptimal, particularly with regard to delays in performing a lumbar puncture (LP) and starting treatment. 5 To see if these preliminary findings are reproduced more widely, we therefore conducted a detailed retrospective study of adults with all suspected acute CNS infections at 10 hospitals in the NHS North West region. This allowed us to compare the epidemiology, clinical features and initial management of patients with suspected viral and bacterial CNS infections, focusing on the key issues of clinical predictors of a CNS infection, the role of neuro-imaging and LP and the initiation of treatment.
Methods
We undertook a multicentre cross-sectional retrospective cohort study over 3 months (from 1 September to 1 December 2007) of adults (>16 years) with suspected acute CNS infections admitted to 10 hospitals in the NHS North West Region serving a population of more than 2 million; seven were district general hospitals and three teaching hospitals, but none had tertiary infectious diseases or neurology units. Data were collected between 1 January and 1 September 2008. The study was approved by each of the Clinical Research and Audit Departments of the individual NHS Trusts involved.
To identify patients in whom a CNS infection might have been suspected, we screened electronic laboratory records for patients who had a cerebrospinal fluid (CSF) sample taken, and electronic pharmacy records for patients who had received intravenous aciclovir and/or an intravenous third-generation cephalosporin, which are the presumptive treatments for suspected acute viral encephalitis and bacterial meningitis, respectively ( Figure 1 ). The case notes were then examined to determine whether there were clinical features suspicious of a CNS infection. These included fever or prodromal flu-like illness, headache, new onset seizures, focal neurological weakness, confusion/ altered behaviour, decreased Glasgow coma score (GCS), signs of meningism (photophobia, neck stiffness, Kernig's sign) or rash. 1, 4, 5 Details, including whether the admitting team had suspected a CNS infection, were recorded on a standardized form by a member of the study team.
Data were collected at the Trusts where the patient had been identified and entered into an anonymized centralized database. Clinical management was compared with the standard of the British Infection Society (BIS) guidelines for the management of suspected meningitis and with a regional guideline for the management of suspected encephalitis; 1, 6 these indicate that patients with suspected CNS infections should have an urgent LP, unless they have one of the following contraindications: GCS <13 or declining (>2 points), seizures, focal neurological signs, strong suspicion of meningococcal septicaemia, systemic shock, coagulation disorder, immune compromise or signs of raised intracranial pressure (Cushing's reflex, papilloedema, altered pupillary response, ocular palsies, decorticate/decerebrate posturing or abnormal respiratory pattern).
Case definitions
Patients were classified into clinical case definitions on the basis of their presenting features, initial CSF and imaging findings (Table 1) . 1, 9 Patients that met the definition of purulent or aseptic meningitis or encephalitis were considered to have a clinically diagnosed CNS infection whereas those with meningism only or encephalopathy only were not. After microbiological analysis was completed patients were further classified as microbiologically or virologically confirmed, if a pathogen was identified.
Where cases met none or more than one of these clinical case definitions the most likely diagnosis as Meningism (headache with neck stiffness and/or photophobia) without evidence of altered consciousness and no evidence of inflammation on imaging or CSF analysis (i.e. white cell count <5/ml) Purulent meningitis Meningism (as detailed above) with a CSF white cell count >1000/ml or between 100 and 1000/ml with a predominance of polymorphonuclear cells and a CSF: plasma glucose ratio <0.5 (or an unpaired CSF glucose <5 mmol)
Defined as 'microbioloigcally confirmed' if a pathogen was identified by culture or PCR of the CSF or blood Aseptic meningitis Meningism (as detailed above) in a conscious patient, with a normal CSF: plasma glucose ratio (>0.5) and either a CSF white cell count of 5-20 or 20-1000/ml with a lymphocyte predominance Epidemiological incidence data were calculated with the assumption that all patients within the catchment areas would attend the corresponding hospital and that people from outside of the catchment area would not attend the hospital. The number of people within the catchment population was identified from the published literature for each of the 10 NHS Trusts involved and the proportion of adults was defined as 79.6% of the catchment population as per the general UK population. 11 
Results

Identification and clinical diagnosis
Initially 385 patients were identified by CSF and pharmacy screens, of whom 217 (56%) had a suspected CNS infection (Figure 1 ). Of these 18 were identified by the pharmacy screen only, 116 by the CSF screen only and 83 by both screens. All patients identified were acute admissions. The median (range) age of these 217 patients was 41 (16-87) years and 99 (46%) were male. Ten of them did not have CNS infection suspected by the clinical team, even though they had relevant clinical features; one of these was ultimately diagnosed with aseptic meningitis, following a LP for presumed sub-arachnoid haemorrhage. After initial investigations, 44 (20%) met the clinical case definitions for CNS infection (18 aseptic meningitis, 13 purulent meningitis, 13 encephalitis); the 173 that did not included 32 (18%) with encephalopathy only, 55 (32%) meningism only and 86 (50%) other (Table 2 ). Patients with a CNS infection were significantly older than those with other diagnoses [median (range) 44 (17-84) years, vs. 37 years, P = 0.016].
The catchment population was 2 218 000 of whom an estimated 1 765 528 were adults giving an approximate annual incidence for any CNS infection of 9.9 per 100 000; 4.1 per 100 000 for aseptic meningitis, 2.9 per 100 000 for purulent meningitis and 2.9 per 100 000 for encephalitis. On average each hospital admitted 1.5 patients with a CNS infection per month.
Microbiological and virological diagnoses
CSF bacterial culture was performed for all 199 patients who had a LP and was positive for three patients (all with Streptococcus pneumoniae). Bacterial PCR was performed on the CSF of one patient which identified S. pneumoniae and the serum of one 
Clinical features
For the 207 patients in whom a CNS infection was suspected, the median (range) time to suspicion was 1 (0.3-312) h for patients ultimately diagnosed with a CNS infection and 2 (0.2-720) h for those with other diagnoses (P = 0.259); within the former group, time to suspicion of a CNS infection was significantly longer for patients with encephalitis than meningitis [4 (0.3-312) vs. 0.3 (0.1-12) h, P < 0.001].
In Table 3 , the clinical features of the patients are compared according to the diagnostic group. Compared to patients with other diagnoses, patients with CNS infections were more likely to have a history of foreign travel, a history of fever, a documented pyrexia on admission, or confusion or behavioural change on examination. However, the sensitivity and negative predictive values of these parameters were not sufficiently high to be clinically useful as predictors of a CNS infection. Both patients with tuberculous meningitis had recently travelled from Africa (Nigeria and Ghana). Two patients with acute CNS infections were immunocompromised due to human immunodeficiency virus infection. Overall, patients with CNS infections were not more likely to be immunocompromised than those with other diagnoses, nor to have a low GCS.
Investigation
Data were available for 215 (99%) patients regarding the timing of both initial investigations (imaging or LP) and antibiotic and/or antiviral treatment (Figure 2 ). Most patients had imaging (n = 121, 56%) or treatment (n = 65, 30%) first; only 29 (13%) had the LP first. Sixteen (7%) did not have a LP at any point. Treatment was delayed for imaging in 52 (29%) of the 181 who had imaging and it was delayed for a LP in 41 (21%) of the 199 who had a LP.
In total, 183 (84%) patients underwent neuro-imaging; 144 had CT only, 5 had MRI only and 34 had both. One hundred and fifty-three (71%) patients had imaging before the LP, although in 101 (66%) there was no contraindication to an immediate LP. Of the 52 (24%) with clinical contraindications to an immediate LP, these were predominantly focal neurological signs (n = 17), seizures (n = 15) and a high suspicion of meningococcal septicaemia (n = 14).
The CT scan was abnormal in nine (17%) of these patients, but seven still required a LP to make the diagnosis (one with a suspected tuberculoma, two with enhancing cerebellar lesions ultimately diagnosed as progressive multifocal leucoencephalopathy, two suggestive of encephalitis, one hyperdense unilateral parietal lesion and one possible unilateral internal capsule infarct). Two patients had a definitive diagnosis made by the CT scan, and so did not subsequently need a LP (one with cerebral metastases and one with a cerebrovascular accident); In no cases was a radiological contraindication to a LP identified in the absence of clinical contraindications to a LP. One patient with a CT scan suggestive of encephalitis, ultimately proved to have a glioma diagnosed by MRI, whilst the other had pneumococcal meningitis diagnosed by CSF examination. Only one of the three patients with HSV-1 encephalitis had an abnormal CT which was thought to show a possible unilateral internal capsule infarct.
Of the 101 patients in whom there was no contraindication to an immediate LP, the neuro-imaging was normal in 88 (87%). In the 13 cases who had an abnormal CT, this typically showed periventricular ischaemia or atrophy; and in none did the CT scan demonstrate mass effect or brain shift precluding a LP and 12 (92%) patients went on to have a LP, with no complications. The one patient who did not have a LP had progressive multifocal leucoencephalopathy diagnosed by MRI.
Thirty-nine (18%) patients underwent an MRI scan a median (range) 5 days (2 h-23 days) after admission. MRI was abnormal in 20 (51%) patients, diagnosing generalized ischaemia (n = 6), cerebral atrophy (n = 3), progressive multifocal leucoencephalopathy (n = 3), acute cerebrovascular accidents (n = 3), CNS lymphoma (n = 2), cystic metastases (n = 1), glioma (n = 1) and a tuberculoma (n = 1).
The median (range) time from admission to LP was significantly longer for patients who had neuro-imaging first than for those who did not [18.5 (2-384) vs. 6 (1-72) h, P < 0.0001]. There was also a significant delay in performing the LP 
CSF analysis
The CSF opening pressure was recorded for only 71 (36%) of the 199 patients who had a LP; 41 had a pleocytosis and the white blood cell differential was recorded in 29 (70%); the protein was measured in 180 (90%) and although the CSF glucose was recorded in 176 (88%), a simultaneous plasma glucose was only taken in 74 cases (37%). Of the 44 patients who met the clinical case definition of a CNS infection, 25 (57%) had antibiotic and/or antiviral treatment commenced before the LP of whom 6 (24%) had CNS infection confirmed microbiologically or virologically. For the 19 patients with a CNS infection who had the LP prior to treatment, 5 (26%) were confirmed microbiologically or virologically. Six (55%) of the 11 patients with microbiologically or virologically confirmed CNS infection had the diagnosis made by PCR of the CSF or serum rather than culture. Two of the three patients who had a positive CSF culture had the LP before treatment, whilst the third had one dose of a third-generation cephalosporin 10 h before the LP.
Treatment
The median (range) time from admission to starting treatment was longer for aciclovir than cephalosporin [7 (0.5-312) vs. 3 (0.3-312) h, respectively, P = 0.002] (Table 4 ). However, there was no such delay for aciclovir treatment in patients who had the LP performed before imaging. The median (range) time from suspicion of encephalitis to aciclovir and of suspicion of meningitis to a third-generation cephalosporin was similar [2 (1.5-299) vs. 2 (0.3-48) h, respectively, P = 0.148]. Of the 112 patients who had both a LP and antimicrobial treatment, 68 (61%) had treatment prior to the LP.
Thirteen patients with purulent meningitis and 10 with non-CNS bacterial infections clearly needed antibiotic treatment; 84 additional patients received intravenous third-generation cephalosporin for a median (range) duration of 3 (0.25-13) days. One hundred and fourteen patients received antimicrobial therapy (a cephalosporin and/or aciclovir) that proved unnecessary, and had information available about the timing of the LP. Antimicrobial treatment was more likely in those who had started treatment before the LP than those who had started treatment after the LP [52 (74%) of 70 vs. 14 (32%) of 44 (P < 0.0001)].
Outcome
The median (range) in-patient hospital stay was 12.3 (1-163) days for the 44 patients with a CNS infection. Microbiological advice was sought for 18 (38%) of them and neurological advice for 13 (28%). One patient was transferred to the intensive care unit and one to the regional neurological centre; both had HSV1 encephalitis complicated by seizures and reduced consciousness. Both survived, but with sequelae; one had a residual hemiplegia and speech disturbance and the other had epilepsy. A third patient had impaired hearing following pneumococcal meningitis. One patient who presented with suspected encephalitis proved to have a large cerebrovascular accident and subsequently died.
LP (102)
Nil (3) Treatment (16) Nil (2) Imaging (46) LP (17) Treatment (8) Nil (13) Imaging (8) Treatment (33) LP (11) No Treatment (69) No LP (5) LP (40) No LP (6) No Imaging (11) Imaging (6) Imaging (0) No Imaging (8) Treatment (3) No Treatment (5) Step 1 Step 3 12, 13 Although there are few good health economic studies, the burden to the NHS and society can be judged from medical negligence costs, which typically exceed three million pounds for the most serious cases. 14 Over the last 15 years acute bacterial meningitis has attracted considerable attention in the UK, with increased awareness among the public and health care workers, national management guidelines, vaccination programmes and improved outcomes. 6, 7, 15 Neurological diseases caused by viruses have received less attention, and are generally considered to be less important, but as far as we are aware, there has been no comparative study, examining the incidence, clinical features and management of acute viral and bacterial CNS infections in a single population.
In our study of adults admitted to 10 hospitals across the NHS North West region, we calculated an annual incidence for purulent meningitis of 2.9 per 100 000, for aseptic meningitis it was 4.1 per 100 000 and for encephalitis it was 2.9 per 100 000. Thus during the study period the incidence of encephalitis was the same as that of purulent meningitis. Our calculated incidence of purulent meningitis was similar to those reported from previous studies of adults in western industrialized settings of 0.6-4 per 100 000 16 and the incidence of aseptic meningitis was lower than previous studies from similar settings 5.2-7.6 per 100 000, 4, 11, 17, 18 while the incidence of encephalitis was higher than previous studies from similar settings 1.5-2.2 per 100 000. 12, 17 We conducted our study during the winter months only; if anything this might have led to an over-estimate of the annual incidence of purulent meningitis, which is more common in the winter, and an under-estimate of viral meningitis, which is more common in the summer months; in non-tropical countries the incidence of viral encephalitis has no seasonality. 1, 16 In terms of aetiology, we found that HSV was equally as common as S. pneumoniae, both accounting for an annual incidence of 0.9 CNS infections per 100 000 adults (0.7 cases of encephalitis and 0.2 of meningitis for HSV). Although our study was limited in scope, the incidences we found were similar to those reported previously: 1.2-2.3 per 100 000 for pneumococcal meningitis in all ages, 19 0.2-0.4 per 100 000 for HSV encephalitis in all ages 13 and 1.4 per 100 000 adults for HSV meningitis in adults. 17 Although the denominator in our study, based on the reported hospital catchment populations, is likely to be an overestimate, the fact that it was the same for bacterial and viral diseases allows for a meaningful comparison. Whereas all patients had bacterial culture of CSF performed, only a handful had CSF PCR for viruses, so the true incidence of HSV infection may be even higher.
There were also important differences in the clinical management between patients with suspected meningitis and suspected encephalitis in our study. The average time from admission to suspicion of CNS infection was significantly longer for encephalitis (4 h) than for purulent or aseptic meningitis (0.3 h). Moreover, there was a significant delay in performing the LP in patients with encephalitis as opposed to meningitis, and patients with suspected meningitis had antimicrobial treatment commenced sooner after admission than those with suspected encephalitis.
There may be a number of possible explanations for these differences including the lack of awareness of the clinical features of encephalitis, and the broad differential diagnosis of patients with confusion or altered behaviour, focal neurological signs or seizures; of note less than half the patients with encephalitis had a reduced GCS, but nearly all had altered behaviour or confusion. In addition the management of patients with suspected meningitis appears to have improved following the publication of British Infection Society guidelines, particularly with regard to time to treatment. 4, 6 Compared to patients that ultimately had other diagnoses, those with CNS infections were more likely to have a travel history, altered behaviour or confusion, and pyrexia. However none of these features in isolation, or in combination, could identify such patients with sufficient sensitivity or specificity to reliably diagnose a CNS infection. This can only be done with CSF analysis. 1, 20 The management guidelines and reviews for meningitis and encephalitis emphasize the need for an urgent LP in all patients, unless there are clinical contraindications. 1, 6, 20, 21 The LP gives an immediate indication of whether there is a CNS infection, whether this is more likely to be bacterial or viral, and subsequently, what the pathogen is. 1, 20 This allows rationalization of treatment and avoidance of unnecessary antimicrobials, thus minimizing the chances of resistance developing, and of avoidable iatrogenic events; these include nephrotoxicity with aciclovir, and opportunistic infection with cephalosporins. [22] [23] [24] In our study many patients were exposed to antibiotics they did not require, which might have been avoided with an earlier LP. There was a significantly higher percentage of patients who received antibiotics that proved to be unnecessary if treatment was started before rather than after the LP.
We found, as have others previously, that the majority of patients underwent unnecessary imaging before the LP that can cause delays in treatment. 4, 5, 25, 26 Only 13% of the patients in this study had a LP undertaken before any imaging or treatment was started. Patients with encephalitis that did not have imaging before a LP were started on aciclovir sooner. Although some have postulated that a CT scan first may obviate the need for a LP, in our study only two patients who had a CT first did not subsequently need an LP performing. Encouragingly, the median time from admission to starting aciclovir treatment in this study was 7 h; this is a considerable improvement on the median 48 h, from our previous pilot study, which was conducted 3-years ago at one of the hospitals included in the current study. 5 In summary, our study conducted across 10 hospitals in the NHS North West Region showed that in adults clinically diagnosed encephalitis was as common as purulent meningitis, and that HSV was a more common cause of CNS infection than previously thought. The management of patients with suspected encephalitis was worse than that of suspected meningitis in terms of time to suspicion of the diagnosis, time to LP and time to initiation of treatment. National encephalitis guidelines are needed to assist clinicians in the management of these complex patients where early investigation and treatment has a significant effect of morbidity and mortality.
